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Techniocal Memorandum No. G.W.261

November, 1955.

ROYAL ATRCRAFT ESTABLISHMENT, FARNBOROUGH

A Note on the Output Noise of the D,C. Amplifiers in Tridao

by
R. J. Garvey, B.Sc.(Eng.)

SIMMARY

The computing amplifiers of the TRIDAC flight simulator, as originally
designed and installed, gave excessively large noise outputs. This memo-
randum describes an investvigation into the noisc¢ levels in the machine and
lists the modifications necessary to reduse the noise levels to an
acocepbable level.

1 General

An investigation was made to determine the cause of the excesslve
output noise of the d.c. amplifiers in Tridac. The various causes discovered
are detailed here so that any future recurrcnoe of the faults can be readily
diagnosed. Modifications ncoessary to reduce thc noise to an aocceptable
level are listed in an appendix.

An incidontal result of the investigation was the discovery of a
number of short cirouits between the chassis and signal earth conneoctions
to each raft. The signal earth osbles provice a zero potential reference
to each raf't; a short cirouit to the chassis bleeds supply currents into
these cables so that the reference potential is no longer zero, At present
there are no indications when such faults arise and it is recommended that
a monitoring circuit be installed as described in the appendix,

Table I gives a frequency analysis of the output noise of typical
amplifiers before modification. The higher frequency components are, of
course, beyond the frequency rangec of the recorders and plotting tables
used in Tridac. However the amplitude of these oomponents must be reduoced,
since they can produce low beat frequencies and condenser blocking; where
high gains are involved, they also reduce the voltage range over which the
d.0. amplifiers can operate without limiting. It will be seen that a
number of the frequency components are of small amplitude; however the
net effoct when all components are present is an excessive noise level.

This Mcmorzndum represents the opinion of the author only. It docs not
ourry the authority of the Royal Alrcroft Esteblishment.
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Each of the components of the ncise can be eliminated or reduced to
negligible levels, The 300 and 240V o.p.s. heater ripple can, however,
oniy be eliminated at <vhe expense of amplifier performance, since it is
necessary to shunt a small cemscicance aoross %he feedbask resistor.
Normelly it is only n.cessory to red-cv this ripple where amplifiers are
casoaded to give o high ovarall gein, Tt will be possible after effecting
‘he modificatlons detailcd in tho rppendix, to reduce ti:z tolal noise
level, os meesured at the input g-id of th: d.c. amplifier to 5 millivolts
peak to pesk.

Some typlcal amplifier outout sigrols before ond after effecting
the modifications are shown by the osciliograms of Figs.1 and 2.

2 Detailed Analysis

(2) 1 p.p.s. pulses

These pulses ars due to cswitching transients (500 volts peak to peak)
developed across the highly inductive coils of the Pullin relays on the
control desk end programne widt; nomely relays H and J. The transients
are picked up by all amplifiers, particularly those in the control room.

The amplitudes of the pulses can be reduced by a factor of 20 by
connecting a suppressor circult asross the relay coils, (see Appendix,
item 6), This reduces the switching tronsients across the relay coils
from 500 to LO volts.

(b) 1 p.p.s. pulses

These pulses are synchronous but out of phase with those described
ebove, They originate from the 1 p.p.s. signel present on the stepping
banks of the six drift monitoring uniselectors on each raft, Transient
currents pass from here via she stray capacisance between adjacent banks
on the uniselector ond then to signal ecarth. Voltage transicents are thus
established acrcss vhe reactance of the signals earth cable.

These pulses are eliminaved by the amplifler modifications detailed
under 2(c). As a further precaution it is desirable to connect a capaci-
tance, say 4 mfd, between signal and chassis earth, to short circuit any
voltage transients that may develop there.

(¢) 0 to 415 c.p.s. sine wave

This 1s due %o a beat frequency effect between the LOO c.p.s. supply
voltage to the relsy corrector and any one or more of the following:

(1) an eighth harmonic of the 50 ¢.p.s. mains frequency

(11) & tenth hammonic of the mains frequency, particularly when the
mains frequency is low and the chopper frequency high

(114) the 400 c.p.s. of the No.2, 3 phase machine; this feeds the
rectifiers which supply the ~170 volt level heater current

{4v) the 400 c.p.s. of the 120 volt, single phase machine; this
supplies the magnctic modulator drift correctors.

These four frequencies are present in the small voltage between the signal

and chassis earth connectiocna at cach raft. The input clrcuits to the
corrector are referred vo signal carth and the corrcctor amplifier to
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chassis earth, The a,a, voltoge between signal and chassis earth is
therefore amplified by the corrector amplifier and chopped by its relay.
The result of this is a beat fregquenoy voltage at the output of the
corrector and therefore of the d,c, applifier. Tho outpitk can have any beat
frequenay between 0 and sbout 15 ops. Higher frequencies are blocked by
the low pass filter in the output of the corrector.

The beat frequency can be reduced to a negligible level by connecting
the first stoge of the corrector amplifier to signal earth insteed of
chassis earth. This reduces the gain of the amplifier to signal earth/
chassis earth volftages by the gain of the first stage. The signal earth
cable serves as a reference and should not carry current. A resistor has
therefore been added in the amplifier circuit; this bleeds a current from
the ~300 volt supply which is equal and opposite to that supplied to the
first stage of the amplifier, Thuse modifications are detailed in the
appendix, items 1(b) and 1(c).

(a) 50 c.p.s. sine wave

This is due to mains ourrents flowing along metal frameworks, pipes
and chassis wiring. The resultant voltage drop appeers between chassls
and signal earth at each raft, This voltage is amplified by the amplifiex
in the relay corrector as in (o) so that a 50 c.p.s. sinusoid as well as a
beat frequency voltage appears av the output of the d.c. amplifier, The
50 c.p.s. sinugold is attenuated by the filter in the oorrector output but
sufficient remains to produce the nolse level quoted in Table I.

The 50 c.p.s. noise is also produced by the magnetic modulator
correctors, since the output stage is connected to chassis instead of
signal earth.

This noise can be reduced to a negligible level by connecting the
first stage of the corrector amplifier and the output of the magnetic
modulators to signal earth instead of chuassis earth. See appendix
items 1(b), 1(c) and 2(b).

A low level 50 c,p.s, noise component remeins after modlfying the
correctors. This is because the d.c. amplifier stages are of neoessity
conneoted to chassis earth, However it is held to a negligible level by
the normal amplifier feed back circuit and the action of the correctors,

(e) 100 c.p.s. rectified sine wave

This originates from a 100 ¢.p.s. ripple of 1 volt peak amplitude on
the 2, volt d.c, supply. The 2, volts supply operates relays which select
the required gain of the six amplifiers used with the Evershed and Vignole
pen recorders. The voltage ripple across the relay ocoil is coupled via
¢$he relay contacts to the input wiring of the amplifiers. This noise can
be eliminaved by earthing the yokes of the relays.

(£) 200 c.p.s. sine wave

The alternating current supplied to the correctvor relays is returned
to the alternator via the chassis earth oonnsction on cach roft; this
produces a 200 o.p.s. voltage between chassis and signal earth and a
corrusponding amplifier output. In addition the 200 c.p.s. ourrents to
the relay coils leaks aoross the valve bases into which the relays are
plugged. The input grid of the amplifier is oconnected to this valve base
and so picks up and amplifies a 200 c.p.s. volvage.
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This noise can be eliminated by supplying the 200 ¢.p.s. ourrent to
the relays with twin wiring; the centre tap of the supply transformer
belng earthed so that the 200 o.p.s. voltage is balanced ebout eerth.

See appendix item 3.

(g) 300 c.p.s. sine wave

The sowrce of this noise was traced to a short-alrcuit between the
chassls earth and the earth side of the zero~level d.o. heater bus bars,
This zero level d.c. heater supply is derived from a three phase 50 c.p.s.
rectifier oiroult so that the ripple voltege is at 300 o.p.s., The 300
o.p.s, signal developed between chassis and signal earth is amplified by
the drift oorreoting amplifiers and thus appears at the output of the
computing amplifiers,

(h) 300 p.p.s. pulses

This noise also comes from the 300 o.p.s. ripple on the heater
supply. Heater ourrent at this ripple frequency goes via the hsater-to-
cathode capacitance and lesksge of all the valves conoermed to chassis
earth and so produces a 300 p.p.s. voltage between chassis and signal
earth. The fault is accentuated if any heater-cathode faults develop on
the valves concermed. This acoounts for some of the noise; the remainder
is due to stray ooupling between the heater wiring and the connections to
the input grids of the computing amplifier.

The level of the 300 p.p.s. noise quoted in Table I is for a
computing amplifier oconnected with 2{Qinput and feedback resistors. The
level is independent of gain but varies with the value of feedback resis-
tance as shown in Teble II.

It is not practical to smooth the existing heater ripple sinoce
currents of over 100 amperes are involved. The noise ocan however be
reduced if necessary by shunting a small capacitance across the feedback
resistance; a value of 47 or 100 p.f.d. is recommended. Teble III shows
how the noise varies with the values of feedback capacitancs.

(3) LOO p.p.s. square waves

The source of this noise which is peculiar to raft 6 was traced to
the two pulse amplifiers which supply timing pulses to the Evershed and
Vignole pen recorders. The power lif'ying valves in these units are
oscdillating at a frequency of 27 Mo/s and transmitting the oscillation
to all the d.c. amplifiers via the signal earth bus bars whioch funotion
as stub lines, The 27 Mc/s radiation is amplitude modulated by the
operation of the oorrector relays and detected and demodulated by the
d.o. amplifiers.

The fault oan be cleared by comnecting "stopper" resistors to the
enodes and grids of the oscillatory valves,

(k) 40O p.p.s, pulses

This noise arises when the output of the oorrector emplifiers is
large either as a result of excessive drift volteges (greater than 4O
millivolts &t the input) or as a result of vhe 50 c.p.s. voltage between
chasslis and signal earth. The output of the corrector amplifier is periodi-
cally shorted by the chopper relay. When the voltage to be shorted exceeds
ebout 35 volts peak then on osalllatory discharge ooccurs at the relay
ocontacts Just before they make. This discharge radiates on impulse to the
adjacent amplifiers.

-4 -
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The effect can be eliminated by oconnecting & 1000 ohm resistor in
serles with the output relay oontaot. This rcsistance functions as a
"avopper" and damps the dischargs, Iv should be wired as close to the
relay contact as possible.

(1) 400 p.pes. pulses

A number of mondltoring amplifiers (K units) are wired incorrectly
so that she corrector relay periodically shorts the chassis and signal
earths at a frequency of 400 c.p.s. Any a.c. or d.c, voltage exdisting
between chussis cnd signol eurth is thus chopped into & 400 c.p.s. square
woveform with larrse inductive peaks on the trailing edge of each square
wave. These peak voltages, being between chossis and signol carth, ave
amplificd by the d.c, amplifiers,

A faulty K unit would noxrmolly only effect one raft, However, the
signal earth cubles to the ocontrol room are loomed together and the ocopaci-
tonce betweon the cobles is sufficient to couple the faults due to one X
amplifier to ali the rofts in the control roam,

(m) 400 c.p.v. sine wave

This concerns the amplifiers corrected with magnetic modulators.
The noise is inherent in the circuit design of the magnetic modulavors
since a compromlise is necessary between two confliocting regquirements for
the Inpuv filver. The level of this noise is however negligible,

(n) 400 p.p.s. pulses

This noisc is due primarily to peaky currents flowing through the
relay colls connected in the output stage of the magnetic modulsators,
The relgy coil amplifies and radiates the peaky signal to osher amplifiers.
The noise due to this can be climinated by varthing the yoke and dust
covers of the relay.

{(p) 400 c.p.s. sine wave

This noisc eppe.rs only on the amplifiers which supply the £30 volt
references in each raft. The wiring betwuen the terminal panels and the
input grid of these umplifiers is not screened and runs closc to four
large a.c. heater transformers. The amglifier thus picks up the z.c.
heuter voltage. The amplifier conneotions should be replaced with
screened wiring.

() 2,400 p.p.s. pulses

This noise originatves from the 2,400 p.p.s. ripple on the =170 volt
level heater supply, which is provided by a three phase 400 c.p.s. rectifier
circuit. The same remarks apply to this noise as for the 300 p.p.s. ripple.
The waveform is howuvur more peaky so that the feedback condenser is more
effoctive.

The noisc has a higher level on rafts 8, 9, 10 and 14, This is because
the chassis and signal earth cables are loomed with those carrying heater
currents. The capacitive coupling produces an additional 2,400 c.p.s.
riprle on the earth lines, The trouble can be remedicd by opening the loom
and re-laying thc cables in separate groups.

(r) 4,000 c.p.s. pulses

Thls originates {rom commutation noise on the 2 volt rotary generavor
supply and as zbove 1s due to the earth ocables being loomed with those
carrying the 24 volt currents.
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(s) 32,000 c.p.s. sine wave

This is a consequence of amplifier instability rather than noise.
It conocrns some amplifiers assoclated with the hydraulioc servos and is
due to inadequate screening of the wiring between the amplifiers and their
gedln oontrols; the letter being mounted on the front penels of the raft
remote from the amplifiers. One of the connections from the output of the
amplifier is scoreened unnecessarily and the fault con be cleared by inter-
changing this connection with the one requiring a sarecned wire.

Attached
Appendix I

Tebles I to IIL
Negs. Nos. 123.136 = 123,137

Distribution

CGWL
Gw(A)1(v) 12
WRE (Australia) 6 (Through GW(A)4(Db))

R.AE.

DB
ths Services
Patents
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SPRENDIX. I

Modificotions to Reduce Amplificr Noise in TRIDAC

1 Relay Correctors

(2) replace 1 MID coupling condensers with 0,02 MFD

(b) connect first amplifier stage to signal corth instead of chassis
earth

(c) connect a 164 KQ resistor betwecn the =300 volt supply and signal
earth

(d) connect a 1,000 ohm rusiscor in serics vwith the relay contact; that
is direct to pin 2 of the base socket.

(e) disconnsct relay ooil from earth,

2 agnetic liodwlators

(a) earth yoke and cover of type 600 relay
(b)  connuct output siage to signal carth instead of chassis earth
(c) connect relay contact 1A to signal earth insiead of chassls earth

(d) connect an additional rectifier type Q8/1 with reversed polarity
across MR1.

Lodification (d) reduces polarising cffects, not noise; it is included
here to complete the currsnt list of modifications for vhis unit,

3 200 c.p.8, supply

Replace existing supply trangformer with one having a centre tap
and earth the centre tap. As a temporary measure a dumyy centre tap has
been made by connecting two indicator lamps across the supply. This will
give an indication of an eartvh faulv on either side of the supply but does
not protect the supply against such a fault.

4 Signal Barth lionitoring

Install <. millivoltmeter on the control desk with a selector switoh
80 that the potential of the signal earth connection to each raft, vdth
respect to the generator room bus bar, can be measured.

5 430 Volt Amplifiers

This modificution concerns the amplifiers which supply the J and JH
units in each raft, The wiring between the front panels and the grid
oonnection, (pin 1 on the signals socket) is unscreencd, Replace these
connections with screened wiring.

6 Pullin Relays

This modification concerns relay H on pancl N of the control desk and
relay J on the programe unit., Comnnect a suppressor circuit across the
relay coils consisting of a Q8/2 rectifier in parallel with a 1 MFD oapacitor
and 100 ohm resistanoce in serics.

-7 -
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7 Chassis/Signal Earth Condenser

Connect an 3 MFD peper cond-nser betwecn chassis and signal earth
on each raft,

8 Supply Cables in Servo Elsctronics Room

Re-arrange supply ocables between rafts and generator rooms so thav
earth cables are not loomed with those carrying heater and 24 volt supply
currents,

9 Raft 6.  Cubinet 21

Barth the yokes and covers of rvlays A1 to A6 and Bi to B6,

10 Rafts 9 -nd 410

This modification concerns the ampliriers listed below. 4 wire
running from the lower end of the gain conurol potentiometer on the front
panel 1s unscreuncd; this mekes the amplifier unstable., The connection
from tvhe top end of the potentiometer is screened unnecessarily. The two
connections should be interchinged.

RAFT CABINET AMPLIFIERS

9 b A5. A17,

9 35 A5, A7, A35. A37. AD5. AST.
10 36 A5, A17. A35. AFT.

10 37 A15. a17. A35. A37. No5. A5T.

19 Rafts 9 and 10

This modification concerns the emplifiers listed below., The external
wiring ol thuse amplifiers is such that they are inherencly unstable., A
L7 pfd should thercfore be connected across the feedback resistor in each
cese,

RAFT CABINET AFLIFIERS
9 35 A3
P, 35 Aa33
9 35 A53
10 37 A13
10 37 433
10 37 AD3

12 Feedback Condensers

Make 100 off each of 47 pfd and 100 pfd condensers which can be
clipped across the standard amplificr fecdback resistors as required to
reduce 300 and 2,400 c.p.s. noise.
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Variation of Heater Ripple Output with Value

of Input and Feed Back Resistors

Inpus Feedback Output
Resistance | Resistance Ripple
(Megohms) (Megohms) (Peak Millivolts)

2 0.1 30
2 0.5 80
2 1 110
2 2 120
0.1 2 110
0.5 2 110
1 2 110
2 2 120
TARLE III

Variation of Heater Ripple Output

with Value of Fesd Back Capacitance

Feedback Feedback Feedback Output
Resistance | Resistance | Capacitance Ripple
(Megohms) | (Megohms) | (Picofarads) | (ver cent)

0 400

15 60

2 2 33 37

L7 30

100 17

0 28

15 24

& 15

100 10
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FIG.2
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